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• The best available calculation of theoretical 
reaction rates in the Sun is AG, Bahcall 
(1998)

• This calculation is not good enough: 1. few 
% accuracy is not better than neutrinos and 
helioseismology, 2. the quoted few % is not 
a rigorous number, it comes from the 
ceiling, 3. this is an “engineering calculation”

• There must be a way to do it better

Conclusions:



• To predict the structure of the Sun and 
neutrino emission need to know nuclear 
reaction rates

• T ~ 1keV, hard to measure, special 
experiments, extrapolations, give raw rates, 
(the rates for an ideal gas)

• Solar plasma in the core is not an ideal gas

Solar and solar 
neutrino models



shows how ideal is the plasma



Salpeter screening 
formula

This is correct to about 



• many attempts to solve solar neutrinos by 
changing reaction rates in order     , that is 
showing that Salpeter formula is wrong

• all these are wrong

• show it to learn the physics of screening, 
then try to do it right

“solving solar 
neutrinos” 



Easy ones:
(from Bahcall, Brown, AG, Sawyer 2002)

Many claims that Gibbs is wrong:  non-equilibrium, 
“Tsallis statistics”, etc.

Innocent until proven guilty



cloud-cloud interaction

force is derivative of energy, but.....





• Good interesting paper, which even 
Salpeter believed to be correct

• Brown, Sawyer (1997),  AG (1997) showed 
it wrong

Dynamic Screening







• Brown, Sawyer (1998)

• AG, Bahcall (1998)

• correct, but not accurate enough 

Correct calculations 
which go beyond Salpeter





• Brown, Sawyer (1998) give similar epansion 
for reaction rates

• not to 

• there is 1/2 He in Debye sphere 

• divergent asymptotic expansions are not 
reliable 



Engineering calculation
AG, Bahcall (1998)

Monte-Carlo ions

But:











• small number of particles in  Debye sphere 
is good for Monte-Carlo 

• need a way to go from Monte-Carlo to 
linear screening 

• electron degeneracy already included with 
sufficient accuracy 

• need a way to Monte-Carlo quantum 
electrons

Better way
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